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In connection with Per Ottosen's experimental work (ref. 6) 
some physical properties of nitrogen have been found from dif-
ferent sources (ref. 1, 2, 3 and 4) and the authors of this 
report present the results here, expecting that they possibly 
might be of interest in other connections. 
Most of the approximations are 4th-degree polynomials worked 
out by the least squares method by means of an HP-30 programme 
(ref. 5). The valid ranges of the approximations and the tables 
are seen from the first and the last variable stated in the 
table in question. 
The accuracy is about one percent. 
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2. APPROXIMATIONS 




Latent heat of evaporation 
Gas enthalpy 
density 
- heat capacity 
conductivity 







Conven- Symbol Dimen- Table 
tional "?ed i n sion no. tne 
symbol present 
report 
T T K 1 
P P N/m2 2 
hlg H L G J / k g 3 
h HG J/kg 4 
y 3 
p RG kg/m 5 
g 
c CPG J/kgK 6 
pg 
k KG W/mK 7 
g 2 
y MYG Ns/m"6 8 
g 
h. HL J/kg 9 
p. RL kg/m 10 
c . CPL J/kgK 11 
\ l KL W/mK 12 
Uj MYL Ns/m2 13 
<J S N/m 14 
HG has been chosen as independent variable in the approxima-
tions corresponding to Tables 5, 6, 7, 8, and HL has been 
chosen as independent variable in the approximations corre-
sponding to Tables 10, 11, 12, 13, 14. 
This is due to the original construction of the approximations 
in a manner suited to the programme RISQUE-T (ref. 7). T might 
be used as independent variable by convenient choice of "sub-
routines" . 
In the description below the following operators are used: 
AB : AfB 
AB : A*B 
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§ : A/B 
log1Q: LOG 
10n : En 
and +, -, =, in their usual notation. 
Three different types of functions are used: 
f (x, ,x.) : a function described with one or two variables. 
g(x) : a 4th-degree polynomial with one variable. 
Coefficients AO, Al, A2, A3, M given. 
g(x,, Xj): a 4th-degree polynomial with two variables; the 
first one (Xj) to find AO, Al, A2, A3, A4; the 
last (x_) being variable in the polynomial. 
Description: 
Table 1: TSAT = f(PSAT). Ref. [ll. 
T = (-304.494)/(LOG(P/1.013E5)-3.93352) 
Table 2; PSAT = f(TSAT). Ref. [1]. 
P = 1.013E5 * 10-M3.93352- (304.494/T)) 
Table 3: HLG = g(PSAT). Ref. [2]. 
AO = 2.112E5 
Al = -1.571E-1 
A2 = 3.004E-7 
A3 = -3.358E-13 
A4 = 1.350E-19 
Table 4: HG = g(P,T). Ref. [2], 
AO = -0.1129 * P -3.667E2 
Al = 1.633E-3 * P +1.054E3 
A2 = -0.9327E-5 * P -0.1632 
A3 = 0.2385E-7 * P +0.6011E-3 
A4 • -0.2271E-10 * P -0.7100E-6 
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RG = f ( P , HG). Ref. [ 2 ] and [ 3 ] . 
Al = - 8 . 6 6 8 0 2 2 E - 4 
A2 = - 9 . 0 4 0 6 0 1 9 E - 1 0 
A3 = - 5 . 7 9 6 7 0 7 9 
Bl = 7.9632344E-9 
B2 = -3.50343556E-15 
B3 = C.285507GS 
RG = 1/(A1+A2*P+A3/P+HG*(B1+B2*P+B3/P)) 
CPG = g ( P , HG). Ref. [ 2 ] . 
AO = ( 1 . 4 0 9 + P * ( 4 . 4 9 6 E - 6 + P * ( - 1 . 5 9 1 E - 1 1 + 1 . 7 5 0 E - 1 7 * P ) ) ) * 1 E 3 
Al * - 7 . 7 5 4 E - 3 + P * ( - 6 . 3 9 0 E - 8 + P * ( 2 . 7 0 2 E - 1 3 - 3 . 0 4 3 E - 1 9 * P ) ) 
A2 = ( 5 . 1 7 0 E - 5 + P * ( 2 . 5 9 4 E - l O + P * ( - 1 . 3 4 3 E - 1 5 + 1 . 5 6 9 E - 2 1 * P ) ) ) * l E - 3 
A3 = ( - 1 . 0 9 2 E - 7 + P * ( - 2 . 5 2 0 E - 1 3 + P * ( 1 . 8 9 1 E - 1 8 - 2 . 3 4 8 E - 2 4 * P ) ) ) * l E -
A4 = O 
KG ( a t 1 bar) = g(HG). Ref. [ 4 l . 
AO = 2 . 6 8 8 E - 3 
Al = 3 .722E-8 
A2 = 4 . 1 1 4 E - 1 3 
A3 - - 1 . 4 4 5 E - 1 8 
A4 = 1 .644E-24 
MYG = g ( P , HG) . Ref. [ 2 ] . 
AO = P*6 .403E-12 +5 .457E-7 
Al = P * ( - 7 , 6 8 4 E - 1 7 ) +4 .666E-11 
A2 = P*3 .486E-22 +2 .557E-16 
A3 = P * ( - 5 . 7 0 0 E - 2 8 ) - 1 . 3 8 9 E - 2 1 
A4 = P*7 .333E-35 +2 .188E-27 
HL * g ( P ) . Ref. [ 2 l . 
AO • - 1 . 4 4 8 E 5 
Al = 2 . 8 3 6 E - 1 
A2 » - 6 . 0 7 6 E - 7 
A3 = 6 . 6 8 7 E - 1 3 
A4 = - 2 . 6 6 1 E - 1 9 
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Table 1 0 : RL = g (HL) . Ref. [ 2 ] 
A0 = 5 .027E2 
Al = - 1 . 9 2 9 E - 3 
A2 = 1 . 5 4 8 E - 8 
A3 = 1 .185E-13 
A4 = 2 . 5 3 8 E - 1 9 






g (HL). Ref. [ 2 ] 
4 .975E3 
7 . 7 9 6 E - 2 
7 . 6 6 8 E - 7 
3 . 4 2 6 E - 1 2 
5 . 8 3 0 E - 1 8 
Table 1 2 : KL = g (HL) . Ref . [ 4 ] . 
AO = 5 . 5 2 3 E - 2 
Al = - 2 . 4 6 9 E - 7 
A2 • 4 . 9 8 8 E - 1 2 
A3 = , 1 . 1 9 0 E - 1 7 
A4 = 0 
Table 1 3 : MYL = g (HL) . Ref. [ 2 ] 
AO = 1 . 7 3 1 E - 4 
Al = 3 . 6 3 3 E - 9 
A2 = 4 . 2 1 1 E - 1 4 
A3 = 2 . 3 0 0 E - 1 9 
A4 = 1.0O3E-24 
Table 14 : S = g(HL) . Ref. [ 2 ] . 
AO = - 8 . 2 9 5 E - 4 
Al = - 4 . 3 7 3 E - 8 
A2 = 3 . 3 0 0 E - 1 3 
A3 = 2 . 3 7 1 E - 1 9 
A4 = 0 
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The approximat.ions are tabulated in Section 4. The temperature T 
and pressure P have been preferred as independent variables. 
This means that one has to use up to three "subroutines". F.ex. 
Table 10, RL: 
P is found by inserting T in "subroutine Table 2". 
HL - - - P - " - - 9". 
RL - - HL - " - - 10". 
It should be noted that N« gas can be considered as an ideal 
gas for temperatures T > 350K and pressures P <, 10 bar. In this 
way Table 5, RG versus P and T, can be extended beyond T = 350K. 
The molecular weight is M = 28.016 kg/kmol. The gas constant is 
R = 8314.3 J/ K'kmol. We then have the law for an ideal gas: 
RG = (P/T)*(M/R) = (P/T)*0.0033696 tkg/m3] 
The comparison between the values calculated by the above for-
mula, values calculated by the present approximations and table 
values from ref. 2, are shown in the Table below: 













Calculated by the 



































The gas law is valid also for temperatures lower than 350K, but 
not near the saturation temperature. It should be emphasized -
as mentioned in the introduction - that the present approxi-
mations in this case must not be used for variables larger than 
P = 10 bar and T = 350K. 
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4. TABLES 
The approximations are tabulated in the following 14 tables. As 
mentioned the valid ranges of the approcimations are given by 
the first and the last variable stated in the table in question. 
The temperatures T and pressure P have been chosen as independent 
variables (see page 10). 
5. FIGURES 
The approximations (analytical fits) have been compared with the 
experimental data (table values from the references) on the fol-
lowing 12 figures., which give an impression of the accuracy. As 
mentioned on page 6 the entalpies have been chosen as independent 
variables in most cases. 
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TABLE NO. 2. 









































• 335E 5 
• 338E 5 
.447E 5 
• 512E 5 
• 586E 5 
• 667E 5 
»757E 5 
• S56E 5 
• 965E 5 
.108E 6 


























TABLE NO. 3. 





















































• 193E 6 
• 191E 6 
.190E 6 
.1S8E 6 
• 187E 6 
• 185E 6 





• 177E 6 
.175E 6 










• 153E 6 
W W W W W W O I W W b l U M M M M M M H N U M M M N M M M M M M M ^ H H H K H K H H K H K H H H H h i H K M 
Or-U ^ W U M K l H H 3 O M ) < O I S C D M s l 0 > l > - l . i | U I J > ^ U U M M i - ' H O O - < ) < 0 l s a s l M I M > ' U U I 4 > ^ U ( > I K i U H K O O < 0 > 0 0 ) C 0 
o a o u o u o w o u o u o w o w o w o u o w o u o w o u o t i o u o u o u o en o ui o u o oi o (Ji o w o ui o '^ o ui o 
& - e n c n * ^ w c > i W M H ' ^ o o > o > o æ ( D s j o > o » t q t n * * w w w K ) ^ ^ o o > o > o a i c o N j N j o > c h W 4 » * w w w w H . i - i o o o « M . c n o 
U C 0 U ^ M M M N H 0 > H 0 « O U O U O J > ^ 4 > 4 W 0 0 U a U ^ M ^ h J M H | > . H 0 > ^ C i | O U O 4 > 4 ^ > 0 ( > i a U v J K ) ^ M ^ O 0 l ^ 
r n r n r n r n r n i n r n r o p i r o r o r o r n P i n n f n p i r n r o R r o n p i P i n r n n n r n R r n n r n n n n n r n n F n R 
0N0^o^o^oso^o^o^^^>o^^&s^*oso^o^o^Os^o^o^^osO^Os0^os(^o%o*^osD%o^^o^o%oso>oso%o%o^o^o«o«0N0^o^&,cncncnLn 
W W W W W M W W W W W W W H f J f J W H M r j H H M W H M M H g M M M H H H H H H t J K H K H l - H K ' H H K H ' f l ' O t O O 
o ^ c n L n * * w w w r j » ^ M . o o s ) > o æ v i v i c ^ o « L n L n * * w w w w t - » - o o ^ o > o æ c o s i o » C K t n M * 4 » w w r o w H ' M . O ' > o * æ r j 
W C 0 W N i W v | W C K H i > > ^ C . l l O U O i > v 0 * > C . t > æ w æ w \ J W M W \ | K l > . H 0 > O L l | O l . l | » 0 4 k > f l W 0 0 W V J W M H t K O U 0 « O * S J 
nininroRinrnrnRropirøpirornPiRrnroPiPirnpirørnrnrnnrnpirnrnRroronrnrnrofTiPirt^ 
o -cu i i - t . . fcuwMWHHCo^oa)cosj^o-o-uoi -bAWWMro^HOo>o<iONj \ j i )>o>oi t .n* *wwwroHOOMHCi | 
u \ jUNjw\ iH^MO>ouocn^o*^ jk roucDu\ i t j \ jw \ iH tKHO>oc i ioc i i< i fe>ouæu\ i f j t i >H( . i io fecowuis jco 
ronirnnPiPirnrnrnrnfnPinnnfninnPirnnnPiroPirnniPinrnroFiPirnnpiPinifnrnnnPirnnPirnro 
c^w«**wwww^^ooMJOTONisio-o-cqw*4»wwww»-'>-*oo>oeocosisio>o>Lntq*.4»wwrjMi-*oooi '<o 
r J M M M r - J O - ^ ( h ^ U O U O ^ - 0 4 > < O U I i a U ( a i O M r j M H O > H ^ 0 0 1 0 L > l 4 ^ 4 U a u s l M O > K 0 1 0 « a ) U ' v J H 4 k 4 
J ^ I ? ! T I 4*5 J*I rvrs n n n R f n w n n n i R n n f q i q p i r i n i n n n i r n f q i q n n n n i ^ r ' i n i n n m n i h n i i ' i i ' i n i n i r n p i r n r n i ' i 
04 « Csi Crt 04 W bl bi bi W O) W U tJ M M W M M M M M M N) M M M M M M W *•* »* t- t- t- •* H» »- t- h* »- »- H» l~ »- M •- •* •<> >0 00 
o- cn « i . * w w w w H H o -o -o co æ M NJ o - t t - u w * * w w w r o H K o <i >o co CD M \ j o> »• w u J> * w io u ^ H o s) w VJ 
w x i w N » * - o > « - c ^ o t q o L q ^ 4 * > 0 4 k æ w æ w N i W N i i - C N ^ - ^ o c q o c n > 0 4 » s ) w c a w N i w c H H ' c q o * c o w N 4 i - » t n j k t g o 
mnsmnin immRmr imrnmnpi rn inRnmnRnmi ' i tnP in i rnnr i in inn in in rn rn i inn in f f l i ^n iR^nn i r in iP i 
TABLE NO. 4 (continued). 







































































































































































































































































































































































































































































































































TABLE NO. 5 (continues) . 





























































































































































































































































































































































































































































































































































TABLE NO. 5 (continued). 
N2 GAS DENSITY RG <KG/M3> V. TEHP. T 














































































































































































































• 694E 1 
,684E 1 
• 674E 1 
AND PRESSURE P. 
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TABLE NO. 7. 
















































































































TABLE NO. 8 (continues) . 












































































































































EMP. T AND PRESS. P. 
































































































































FABLE NO. 8 (continued). 































































































































































































































































TABLE MO. 9. 













































































TABLE NO* 10. 

















































































TABLE NO* n . 
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TABLE NO, 1 3 . 
N2 LIQUID DYNAMIC VISCOSITY MYL V . TEMPERATURE T . 
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Fig. 1: N2 saturation temperature T . versus pressure P. 
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Pi£_2: N2 heat of evaporation h£ versus pressure P. 
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Fig. 6; N2 gas dynamic viscosity u versus antalpby h 




















T 1 r i r 
ANALYTICAL FIT 
O TABLE VALUES 
0 1 
j I L • ' ' • 
Fig . 8: N2 l iqu id 
2 3 4 5 6 7 8 9 x105 
PtN/m2] 
entalphy h, g a t versus pressure P. 
Ol 
Pi£^_9: N2 liquid density p£ versus entalphy h,. 
0.19 
*\0 
— ANALYTICAL FIT 
O TABLE VALUES 
' • I I 1 I — — J 1 l i i L 
-to -os 
?0 





i r i « r 
— ANALYTICAL FIT 
O TABLE VALUES 
5 L J L J I L 
-tO -05 
h,(J/kg) 
Fig. 11; N2 liquid conductivity k^ versus entalphy h,. 
«10i i i r T 1 1 1 1 1 r T r 
05 
— ANALYTICAL FIT 
O TABLE VALUES- 1bar 
O - - 10 bar 
I I L I I I I I 
»105 •10 - 0 5 
h,(J/kg) 
fri«« 12i N2 l i S u l d dynamic viscosity u, versus entalphy h,. 
I "9 I I I Xf 
Ris« National Laboratory - M . U230 1 
i 
S 
Ti t i* and author(s) 
Thermal and Mechanical P r o p e r t i e s o f N i t r o c e n 
P . O t t o s e n and G. Mannov 
Departaent or group 
R e a c t o r t e c h n o l o c y 
9 pages + 14 tables + 1 2 i l lustrat ions 
Dace June 198C 
Group' s own registrar ion 
nuober(s) 
Abstract 
Routines for the physical properties of nitrocen 
liquid and gas (1 to 6 bar) are presented. 
The approximations are polynomials worked out 
by the least squares method. The fitted expres-
sions have been compared with experimental data, 




Techno logy 35 
Available on request from Riso Library/ Ris« National 
Laboratory (Risø Bibliotek), Forsagsanlag Risø), 
DK-4000 Roskilde, Denmark 
Telephone: (03) 37 12 12, ext . 2262. Telex: 43116 
